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The agreement shown between the level not only of 
Lake Victoria but also of Lake Albert, and sun spots is 
so remarkably good that some intimate connection 
between the two variables must certainly be accepted. 
and this is the primar contention of the geophysical 
memoir referred to. J y  making use of the scattered 

previous to the installation of lake 
curve can be carried back another 

and still it agrees with the sun-spot curve. 
also sup ort the agreement. Assuming a 

correlation of 0.8 for t e 36 years 1888-1933 (betwecn 
level of Lake Victoria and sun-spot numbers) the probable 
error works out as only f.04, and the coefficient is 30 
times the probable error, which amounts almost, to 
absolute certainty. To reduce tho number of ‘iocca- 
sions” to the six or seven maxima and minima amounts 
to assuming beforehand the t,ruth of what you wish to 
dis rove. 

&orking out the partial coefEcients roughly we obtain 
lake level. sunspots, rainfall constant, t=  + 0.92; lake 
level, rainfall, sunspots constant, r=  + 0.80. 

The first figure, 0.92 is racticdlg the same u s  tho 
This 

means that the level of the lake is determined almost. 
entirely by two fac,toIs-ra.infn.ll, and sunspots--in- 
dependently of their effect on rainfall. It. is difficult to see 
any other inenns than evaporation t.hrough which the 

7l 

crude coefficient between la-e R level and rainfall. 

latter effect can operate. The run-off from the lake is so 
small (only about 6 per cent of the rainfall) that its 
variations can not appreciably affect these relationships. 

The conclusion drawn from the data is therefore solely 
that the level of the lake is determined almost entirely 
by the balance between rainfall and evaporation. At 
first the chief effect was attributed to the latter, but Mr. 
Phillip’s rainfall figures show rainfall to be of equal 
importance. Variations due to run-off , seepage, etc., 
are necessarily relatively unimportant, but the were 
so fax from being i nored that on page 342 of the ilkemoir 
an attempt is ma % e to calculate them. I therefore can 
not understand why I am accused of having “set aside 
onr of the fundamental laws of hydrology * * *.” 
Actually this elementary law was present in my mind 
throughout.. 

The use of tern matures a t  Entebbe for calculating 
evaporation would \ e irrelevant for two reasons. In the 
first place at stations on the edge of large bodies of water 
tho sun-s ot cycle of temperature variations is greatly 
modified E y the incidence of lake or sea breezes, so that 
t,Iiey are not a fair indication of the temperature of the 
mass OI air blowing over the hike or sea. aud, in the second 
place, with higher land temperatures sonie distance 
inland the wind inovenlent would be greater and this 
would increase the evaporation disproportionately to 
the rise of temperature. 

THE FREQUENCY O F  WINDS OF DIFFERENT SPEEDS AT FLYING LEVELS BETWEEN NEW YORK AND CHICA00:  
A FURTHER ANALYSIS OF T H E  RECORDS OF T H E  A I R  M A I L  SERVICE’ 

The effect of winds of different speeds on the perfor- 
mance of aircraft in reaular service over tl given route 
was esamined in some Zetail by tlie authors in an earlier 

Because of the importance of this factor of wind 
EF:ncy in aircraft operat.ions it has been considered 
desirable to extend the analysis of the previous paper, 
particularly as regards the New York-Chicago route, 
in order to confirm or modify the earlier conclusions. 
The records of the air mail for the fiscal year 1023 have 
therefore been examined and combined with those for 
the fiscal year 1952, as previously determined. and the 
results of this more corn 1et.e analysis are consiclered 
in the paragraphs which fo s low. 

___.._.. . . -. .. -. - - .. ... -. . . . - . . . . _. - -- 
1 Prssented before Amerlean Meteorologicd S0ciet.y at W%sliington. D. 0.. Apr. 30. 

1924. 

The flight datu. upon which the analysis is based were 
tiiken directly from the operatting records of the air mail 
and cover the two-yenr period from June, 1921, to May, 
1933, inclusive. TiLbIe 1 presents the number of flights 
by month and by season, the average speed maintained 
tind the percentage of flialits completed to the total 
iiuniber possible. This t ahe  corresponds to Tables 1 
and 3 of tlie aarlier report, to which reference should be 
made for a description of the route and ol the general 
method of computation. 

Table 2 presents the data correspondi to those of 
Tables 9 and 11 of the former report. %f particular 
interest is the lwt  line which gives the wind factor as 
determined for the two consecutive years. 

~ 

The Wind Factor in Fll ht- An Analysis of one Year’s Records of the Air Mail. 
MO. wEATHEB REV., ~1are!,li)z3.51: 111-125. 

Tanm 1.-Flights made befween .\‘eru york and Ckvelaild and bcfu,een Cleveland and Chicago, June, 1961, to Mag,  19.93, indvsivs 



TABLE 4-Nrbnrber and percenlage of .flights made j rom i\'cu! York 
to Chicago at or above different average speeds during lhe period 
June, 19.91, to M a y ,  19Ml inclrhsit!e 
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TABLE &-Number and perwnlage of jights ma& from Chicago t o  
New York at or above different average speeds during :the period 
June, 19.91, to Yay, 19.93, inclusive-Continued #* 
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Tables 4 and 5 correspond to Tables 12 and 13 re- 
spectively of the former report and indicate the seasonal 
and annual number and percentage of flight.s made be- 
tween New York and Chicago at or above the different 
average s eeds. The annual percentages shown in 

1 and 2, respectivel. . In 3 is gven the resu tin 
wmds o different s ceds, as derivec 
data. The winds etermined from 

records, as indicated in Figure 7 
also shown. Exactly t.he same 

the last co r urnn of Tables 4 and 5 are plotted in Fiyres  

7 

FIG. 1.-Permntage of trim made from New York to Chicago, 770 miles, at differrnt 
average speeds with alrplmes w h w  normal eroising swed is 96.5 miles per hour 

assumption with regard to the increase in cruising speed 
of the planes is made as prevlously explained, viz, as 
apposing winds of increasing strength are encountered 
pllots advance the engine throttle until, against. t.ho 
extreme winds, B hi h speed is maintained approximately 

The data for t.he second fiscal year alone, June 1, 1923, 

15 er cent greater t 5l an the normal cruising speed shown 
in 5 able 2. 

are presented in Table 3 
of the former year ant1 with 

precedina data with those of the 
several reat.ures of considerable 

ear record given in Table 2 ibove. 

interest: 
THE WIND FACTOR 

.V. p. b. 
Air mail, fiscal year 1922-- _ _ _ _ _ _  _ _  . -. ._ .-. - _ _  6. 6 
Air mail, fiscal year 1923 _ _ _ _ _ _ _ _  - _ _  _ _ _ _ _ _ _  .. _ _ _  . - - - . _ _  . . .. 7 . 7  
Air mail, two years combined- -. - _ _  _ _  - - . - - - - _ _  ._ - __.  - 7. 2 
Kite‘and pilot-helloon data- _ _ _ _ _ _  _ _  - - . . .. 7. 4 

These figures show that, tis the period corered by the 
air mail records is extended, the wmd factor determined 
therefrom approaches more and more closely the result- 
.ant wind computed from kite and pilot balloon ohserva- 

tions. The wind factor adopted in the earlier paper 
was 7 m. p. h.; apparently, the correct value is nearer 7.3. 

stated, the values in the last columns of 
are plotted in Figures 1 and 2, respectively. 

PEROENTAQE OF FLIQETS AT DIFFERENT AVEBAQE SPEEDS 

FIG. %-Percentage of trips made from Chlca o tq New York. 770 miles, at different 
3verage speeds with airplanes whose iiormakerulsing speed M 98.5 mlka per how 

When these are compared with Figures 2 and 3 in the 
earlier paper, a remnrkable simdarity is noted. If 
allowance is made for the slight increase in the normal 
cruising speed from 93.8 m. p. h. in the first year to 
96.5 m. p. 11. in the two years combined, the curves very 
neafly superimpose. In  order to facilitate the com- 
parison t,he values upon which the one-year curves are 

PERCENTAGE OF TIME WEST WINDS OCCUR 
0 10 20 30 40 50 60 70 80 90 100 

50 

0 WESTBOUND, FROM FIG. 2’ 
40 0 EASTBOUND, FROM FIG. 3’ 

FIG. 3.-Annual permntap OCeurrancB of east and west w m  onent win- of different 
speeds at 1,500 feet altitude along the New York-8hicago route 

h s e d  have been indicated by crosses ( X )  on Figures 
1 and 2. It is then seen that the effect of winds upon 
the round speed of the planes (a) agrees almost exactly 
at  t % e extremes in the two periods and (b) is increased 
1 to 2 m. p. h. at  the two “points of Inflexion” m d  
tends on the avera e to approach more close1 the wind 

No matmerial change is shown in the relative proportion 
of east and west component winds, vi&, about 30 and 70 
per cent, respectively. 

curve from kite an f balloon data, as the perio ;Y increases. 
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The planes and mot.ors used in the second ear are of 
the same type as those used in the first. ‘de slight,ly 
higher normal cruising speed can not. therefore be at.trib- 
uted to aerodynttmic causes. More likely it is an index 
of the increased efficisiq resulting from t.he z i z t ;  
experience and familiarity with the motors an 
the route. They lose less time wunderin off the course; 

or now cross terrain about which they formerly used to 
they have learned to tnke advantage of s a eltered valleys, 

(e) The relative proportion of east winds to west 
winds-namely, 30 er cent and 70 per cent-now agrees 

( d )  The strength of east‘or west winds which occur 5 
per cent of the time is practic.ally as found before: 
36 111. p. h. from the west and 18 m. p. h. from the east; 
snd 

( e )  The orc\inut,e at, the 50 per cent goint is approxi- 
iiiittely 7 m. p. h. from bhe west, the Win factor agmn. 

almost esactly for 3 1 three methods of determination; 

FIG. I.-Annual perrentage occurrence of east nnd west Mmponent whds  of diffveat speeds at 1,500 feet altitude dong the Sea TortChicago route, as determined from klte 
and pllot-balloon records 

detour; familiar with .more emergency landing fields, THE LAW OF PROBABILITY APPL~EU TO THE FREQVEWT 
the 
witg abetter understanding Of 

fly at a lower altitude against adverve winds; and 
c?nditions* 

OF FREE-ATR W’INDR OF DTFFEREKT SPEEDS 

It, will be noted t,llnt. the ip F i p e  3 is synl- 
metrical about the point of intersectlon w t h  the 50 per 
cent ordinat#e; that IS, occurrence of winds with a wloc- 
i t s  greater or less than the resultant wind becomes 

A comparison of Figure 3 with Figure i of the earlier increasingly less frequent the further tile strength of the 
pa er shows: winds departs from the mean value on either side. In pa) Very close agreement: eSpeCiallp with Ward to other wor&, Figure 3 beaxs u striking resemblance to 8 
the extreme winds; “probability curve” and suggests that the frequency of (b) For the winds of moderate strengt.11, the two-year occu~ence of winds of different speeds may be expressed average brings the curve 1 to 2 miles per hour nearer the in terms of the wel l -~own lam of probab&ty.4 
values obtained by kite and pilot balloon observations: _-- The general mathematicd relation between a quantity 

o (in this case the velocity of the wind) m d  the proba- a Of intmest in thla connection is the following statement fr?m Tke Aeroplane, Feb. 

they take increasing advantage of favora % le mnds.J 
FREQUENCY OF WINDS OF DIFFERENT SPEEDS 

-___-.-- 20 1024 p. 153, with reIerenoe to the Moscow-Konlgsbeq line: On account of the hetter 
uhlizat\on of the lsvorable air currents the average speed was Increased this year In 
comparison wlth lest year by 2.6 per &t; that is, from IS7’km. (85 nillw) to 141 km. 
(87 miles) per how.’’ 

4 The authors nre indebted to Dr. A.  R.  Stevmson. jr.. q d  Mr. c.  Dantsieen, of the 
research department of tbe General Eh&rIc  Co for this Inttrestw 8 estIon’ &o 
Ior cnlling attention to thr use of “probnbillty pa&,” dlscuaml farther o x  this .deper. 
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bility,. or frequency of its occurrence, P, is given by the 
equation? 

where h and k are constants. 
If the law of probability does actually govern t.hc 

distribution of the velocities of the different winds, the 
graph of Figure 3 must conform to the above general 
equation. A convenient method of determinin this is 
by means of what is known as “arithmetic pro % abilitj 
paper,” whereon a robability curve, or curve of fre- 
quency, when plottei, will at pear as a straight 1ine.O 

The frequency of east an5  west component winrls of 
Werent s eeds as found by kite and pilot-balloon records 
has there P ore been replotted on probability pa er and 
the result is shown in Figure 4. lie re- 
markably closely along a strai h t  line, the greatest cle- 
viation in observed frequency %eing 2.5 per cent, while 
the deviation in general is less than 1 per cent. 

articular route, therefore, we have experi- 
mental evi a ence that the probability of occurrence of 
an east or west wind component of given s eed may I>P 

speeds. If this relat,ionship between the velocit,y of a 
free-air wind and the probability of its occuimnce can 
be shown to hare general ap lication for other routes 

of minds of different speeds when suficient (1at.a are at, 
hand to determine the t.rend of tlie probability curve. 
A plrliminary examination of free-air wind data for 
other parts of the counpj- indimbes the correctness crf 
this h potheisis. 

an increasing number of air niatil flights, tend to apyroadi 
more and moir closely the wiiids as found by kite and pilot 
balloon observa.tions. This is esuctly what we should 
expect if tlie act.unl winds (us would be disclosed from 
nn indefinite number of obstmntions), really do n r y  in 
cic-.cord t1.1ice wi t. ti the la.\+- of yrohuhility . 

p e Pe-h’fl 

The points 

For this 

redicted wit-h sui rising accuracy, by the I! aw of proha- 
{ility, from the o x seiretl frequency of winds of other 

BS well, a powerful method is c P isclosed for the prediction 

In & e present instance t,he winds, as determimd from 

SUMMART A N D  COSCLUBIOKR 

1. An extension of the a.ii:Llysis of air mail records t,o 
coyer two consecutiivc -ye:i.rs of operation between New 
York and Chicago indic.at.es that the winds as deter- 
mined in the re-rious analysis from more limitred d a h  

2. In general, the winds deterniined from an increasing 
number of flight records tend to conform more closely to 
the winds as found by kite and ilot balloon observa- 

a.re substantial Y y correct. 

determination of the wind P actor. 
tions. The tendency is articu P nrly evident in the 

in general to be overned by the robability law, in which 

frequency of a given wind speed when complete informa- 
tion is not at hand. 

case a powerfu k method is disc P osed for predicting the 

~~ ~ ~~~~ 

Merrlman. Maasfleld. Method of Least Equm. New York:,1915, p. 2.5 
For a dfseussion of the wnstructlon and use of thls pap Storage to be Pro- 

vided in Impounding Reservoirs for Munldpal Water upply’’ by Allen Bamn. 
”runs. of Amer. Em. of Clvil E neers, vol. 77, pp. 1530-1687,19lrf also “The Element 
d Chanm in EanitstiOn,” byveorge C. Whlpple. J m .  Franklln’Inst., rol. IR2, 
PP. a 7 4 ,  %am, 1016. 

4. ,4n interesting improvement in the general per- 
formance of the air mail planes is revealed by an increase 
of several miles per hour in the average cruising speed. 
This is indicative of the type of improvement which may 
be expected in an air trans ortation service as experience 
in operation is accumulate fl . 
5. In view of the importance of an accurate knowledge 

of wincls alon routes where regular aircraft o erations 

results emphasize again the urgent need for a material 
extension of aerologcal investigations to cover all parts 
of the country. 

are likely to % e initiated in the near future, t % e above 
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RESULTS OF MEASUREMENTS OF SOLAR RADIATION 
AND ATMOSPHERIC TURBIDITY OVER T H E  ATLAN- 
T I C  OCEAN AND IN ARGENTINA.-PRELIMINARY 
REPORT 

By Dr. FRANZ LINKE 

Il’r;rnslaled from in:ninscript text in Qerman by W. W. Reed, Weather 
Washington, D. C., January 7,19241 

1. Dada on, the e x  edition..-April 5, 1923, departure 

rival a t  Buenos Aires; beginning of Ma.y to the begin- 
ning of July, journeys in Ar entina; July 15, departure 
from Buenos &res on the k n d m 6 t . q ;  August 15, ar- 
rival at Hamburg. 

2. 1?1s~~~~ments.-~nirersal actinoiiieter of Hartmann 
& Braun of Frankfort on the Main, made according to 
specinl plans with H red-glass filt.er having a thickness of 
3.02 inm. (Scliott. F. 4512) and range of t,ransmissibility 
from 600 to 2,000 p ~ .  Incandescent-lamp photometer 
with sodium c.e.11 of Giint,lier & Tegetmeyer, Brunswick, 
with Wulf’s 1)ifila.r electrometer and condensers of 
Siemens & IInlske having capacity of 2, 0.5, and 0.1 
microfarads. Blue scale for t.ho estimation of sk color 
(misture of white and Prussian blue) issued t! y the 
Unesma, Leipzig. Portable aspirat.ion psychrometer of 
R. Fuess, Steglitz. 

Previous to the departure from Hamburg, frequently 
in Argentina, and after tlic ret.mm from the expedition 
t.he act,inomoter WBS corn ared with :tn ihigstrom corn- 

revised (1913) Smit.hsonian scale by W. Marten at Pots- 
clam. Unfortunately the condensers, which are neces- 
sary for incandescent-lamp radiation ineasurements with 
electrometciy ( alvanonieters .of rec1uisit.e sensitiveness 

state of 1nsulat.ion in the Tropics, so that great difficult 
is met with in the work. 

3. Jfeth.od,q of obsem.thn.- Measurements were made 
only when the sun was unquestionabl free of cloud and 
at  every favorable time of the day. % hese were carried 
out more frequently in the mornings and evenings; 
during the midday hours long interruptions occurred. 
The apparatus for measuring radiation was exposed on 
shipboard on the roof of the pilot house on a table hav- 
ing Cardan’s method of suspension (swinging table). All 
observations were made b me. At each reading the 

Observations of air pressure, temperature, and relative 
humidity were made several times daily. On the out- 
ward and on the return voyage when the sun was at its 
zenith position measurement was made of sky bright- 
ness for the spectrum range of the sodium cell (maximum 
sensitiveness about 360 pp. 

The blue scale contained 8 color tones from white to 
ultramarine blue, and estimation was made to halves of 
the scale. No. 3 \vas white; No. 10, ultramarine blue. 

from Hamburg on t K e General San Martin; May 2, ‘ar- 

pensation pyrheliometer t. P iat had been ttcljusted to the 

atre not practica % le on expeditions), gradually lose their 

altitude of the sun WM (9 eterniined with the sextant. 


